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SUMMARY Three young children with anomalous origin of the left coronary artery (LCA) from the pulmonary artery were studied by two-dimensional echocardiograiphy. The LCA was shown to be in confluence with the left posterior aspect of the pulmonary artery root in the two patients studied preoperatively. In one of these patients, and in another patient 2 years after surgery, studied after direct surgical implantation of the LCA to the aorta, the LCA was shown to be confluent with the left anterior aspect of the aortic root. In all, the LCA could be followed beyond the branching point. This study demonstrates the feasibility of noninvasive diagnosis of anomalous origin of the LCA from the pulmonary artery by direct visualization with twodimensional echocardiography.
NONINVASIVE VISUALIZATION of the left coronary artery (LCA) by two-dimensional echocardiography has been described in adults,1 2 infants and children. 3 6 We examined one infant and two children known to have anomalous origin of the LCA from the pulmonary artery and were able to visualize the origin and course of the LCA before surgery in two and after direct surgical implantation to the aorta in two.
Materials and Methods
The three patients described below were studied by two-dimensional echocardiography and form the basis of this report.
Patient 1 initially presented with respiratory difficulty believed to be due to pneumonia at 3 weeks of age. At 3 months of age she was found to be in congestive heart failure. She had no murmurs, but a loud third heart sound was heard. The ECG was consistent with an anterolateral infarction. The chest x-ray showed cardiac enlargement, and the M-mode echocardiogram revealed a greatly enlarged left ventricle with very poor contraction. Aortography confirmed the diagnosis of anomalous origin of the LCA from the pulmonary artery. One day before surgery, when the patient was 18 months old, a two-dimensional echocardiogram was obtained. The study was repeated 3 days and 3 months after direct surgical implantation of the LCA to the aorta by a previously reported technique.7-9 Four months after surgery, the patient was still in chronic heart failure.
Patient 2 developed severe respiratory distress and diaphoresis by 2 months of age. On examination, no significant murmur was heard, but the liver was greatly enlarged. The ECG suggested anterolateral infarction, the chest x-ray showed an enlarged heart, and the M-mode echocardiogram showed an enlarged, poorly contracting left ventricle. Aortography showed anomalous origin of the LCA from the pulmonary artery. One day before surgery, when the patient was 9 months old, a two-dimensional echocardiographic study was done. At roots. In the infant with normal coronary arteries, this structure, believed to be the left coronary artery, was shown to be confluent with the aortic root at about 5 o'clock ( fig. 5 ). In patient 1 preoperatively, the structure could be traced to the right, where it became confluent with the pulmonary artery root at about 5 o'clock ( fig. 6 ). It could be followed to a branching point about 10 mm from the pulmonary artery root and beyond for a total of 30 mm. Distal branches were clearly seen about 20 mm from the pulmonary artery root. The greatest diameter of the vessel visualized was about 2 mm. Postoperatively in this patient ( fig.  7) , the same branching vessel seen preoperatively within the mass of echoes was now clearly confluent with the aortic root at about 3 o'clock, distinctly more anterior than has been reported in patients with normal origin of the LCA.13-" In patient 2 ( fig. 8) , the left coronary artery turned anteriorly to become confluent with the pulmonary artery somewhat more posteriorly than in patient 1. It could be traced for a total of 17 mm, branching 9 mm from its origin. In some views, two branching points were visualized. The greatest diameter of the vessel seen was about 1.5 mm.
In patient 3 ( fig. 9 ), studied 2 years postoperatively, the mass of echoes related to the left anterolateral border of the aortic root was easily recorded. The LCA was small (maximal diameter 0.6 mm) and could be traced for 20 mm from its confluence with the aortic root on the right and beyond its branching point on the left. The confluence with the aortic root was at about 3 o'clock.
In patients 1 ( fig. 10 ) and 2, the right coronary artery was recorded at about 10 o'clock on the aortic root. It had a distinctly larger diameter than the LCA in both patients.
Discussion
The clinical diagnosis of anomalous origin of the LCA from the pulmonary artery is difficult because the lesion is rare and the clinical and ECG findings may be indistinguishable from those of several other conditions affecting the myocardium and commonly presenting with congestive heart failure in infancy.'0' 11 In those even rarer patients with associated intracardiac defects, findings are masked by those of the associated lesion.'2-14 This lesion has a very high mortality in untreated cases.10' 11 13 Early diagnosis and definitive surgery before the occurrence of extensive myocardial damage appear to be the main hope for long-term survival.9' 10, 12 In support of this view are reports documenting remarkable improvement in left ventricular function after successful surgery in a few infants. 9' 15, 17 Definitive diagnosis depends on aortography, which carries a significant risk in these sick infants.'3 Formanek et al. 18 recently suggested selective right coronary arteriography in patients in whom aortography is not diagnostic. In patients with associated lesions, the diagnosis may be missed or delayed despite the performance of such invasive diagnostic procedures. 2114 Caldwell et al.6 examined three patients with anomalous origin of the LCA from the pulmonary artery by two-dimensional echocardiography. The authors could not visualize the LCA in these patients and concluded that nonvisualization of the LCA os- tium could be used to differentiate this lesion from "myocardopathy." This approach provides little basis for definitive diagnosis. In the present report, we demonstrate the feasibility of definitive noninvasive diagnosis of anomalous origin of the LCA from the pulmonary artery by direct visualization with twodimensional echocardiography. We noted, in addition, that the mass of echoes containing the LCA is related to the left aspect of the aortic root more anteriorly than has been described in patients with normal origin of the LCA and more anteriorly than in the infant with normal coronary arteries.
Various two-dimensional echocardiographic instruments have been used to visualize the LCA.1-' We were able to trace the LCA in our patients farther than has been reported with use of the parasternal approach", $B and visualized the branching point in all cases. The instrument used provides 256 lines per 900 image, more than twice the number of lines on the instruments used in previous reports." [2] [3] [4] [5] [6] The availability of a 5-MHz transducer with its superior resolution may also have facilitated recognition and tracing of the LCA.
Although we have no documentation that the echofree structure shown is in fact the LCA, good indirect evidence supports our interpretation. The mass of echoes containing the LCA was located in the approximate position described by previous groups,'-6 one of which proved by contrast injection that the echo-free structure observed within this mass of echoes was the LCA. Echocardiographic change from preoperative confluence with the pulmonary artery to postoperative confluence with the aorta after aortic implantation of the LCA in patient 1 is probably the best evidence that this structure is indeed the LCA.
In conclusion, a definitive noninvasive diagnosis of anomalous origin of the left coronary artery from the pulmonary artery can be made by direct visualization with two-dimensional echocardiography. Although the findings described are specific when recognized, until further experience confirms the sensitivity of this method, aortography (and possibly right coronary arteriography in selected cases) remains the definitive diagnostic procedure. The sensitivity of the method depends in large part upon operator experience and availability of an instrument and transducer capable of providing resolution adequate for visualization of 1-2-mm vessels.
